Purpose The purpose of this study was to determine the impact of aspirin, nonsteroidal anti-inflammatory drugs (NSAIDs), statin, and cyclooxygenase 2 (COX-2) inhibitor on the development of kidney, prostate, and urothelial cancers by analyzing the Korean National Health Insurance Service-National Sample Cohort (NHIS-NSC) database. 
Introduction
Aspirin, statins, and nonsteroidal anti-inflammatory drugs (NSAID) are commonly prescribed drugs in the world [1] . Approximately 10% of the overall population in the United States is prescribed statins, while its prevalence is increasing to 45% in the older population aged 65 years and over [2] . Although these well-known drugs have their primary effectiveness for the specific health problems, a growing amount of evidence on the anti-cancer effects of these drugs has recently become available from preclinical and clinical investigations.
Aspirin was associated with a lower risk of colorectal, gas-tric and breast cancer by regulating various signaling pathways, including cyclooxygenase (COX)-1 and -2, AMP-activated protein kinase, mammalian target of rapamycin, and mitogen-activated protein kinase [3] . Statins (3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors) have shown potential anti-neoplastic effects via inducing apoptosis, regulating cell cycle disturbance, and suppressing the growth of tumors [4] . It was also demonstrated that longterm use of NSAIDs reduced the risk of colorectal, lung, and breast cancer development by exerting anti-apoptotic and anti-proliferative effects [5] .
In urological malignancies, several epidemiological studies presented the beneficial effects of aspirin, NSAIDs, and statins on the risk of cancer development, while other reports suggest no benefits of these drugs. Therefore, the chemopreventive effects of these anti-inflammatory drugs on urological cancers still remain inconclusive [6, 7] . Moreover, previous evidence was primarily based on the Western population, which is usually different in genetic and environmental background compared to Asian population, and the possibilities of different responsiveness to the same type of drugs.
We aimed to clarify the impact of aspirin, NSAIDs, statins and COX-2 inhibitors on the risk for kidney, prostate, and urothelial cancers in the Korean population aged 40 and older by analyzing the National Health Insurance (NHI) Corporation database.
Materials and Methods
In this study, we used the National Health Insurance Service-National Sample Cohort (NHIS-NSC), which is a population-based cohort developed by the National Health Insurance Service (NHIS) in our country [8] . Among a representative sample cohort of 1,025,340 participants in NHIS-NSC database of 2002, we collected data from 799,850 individuals who visited the hospital more than once in 2002. Of these participants, we only included 321,122 individuals aged 40 and older as a total study population for evaluating the risk of cancer development. We screened data with the code C61, C64, and C65-67, indicating prostate, kidney, and urothelial cancers, respectively, according to the National Center for Health Statistics International Classification of Diseases and Related Health Problems, 10th edition (ICD-10). After a 1-year washout period between 2002 and 2003, we excluded patients with pre-existing urological malignancies, such as prostate cancer (PCa) (n=1,551), kidney cancer (n=261), and urothelial cancer (n=509), before the study period. Among a total of 321,122 persons aged 40 and older, we finally analyzed 143,870 male individuals for evaluating the risk of PCa (group 1), as well as 320,861 and 320,613 individuals for evaluating the risk of kidney cancer (group 2) and urothelial cancer (group 3) developments, respectively, during 10-year follow-up periods from January 2004 to December 2013.
We reviewed the baseline demographics of patients as follows: age at diagnosis, insurance eligibility status, Charlson Comorbidity Index (CCI), which is defined as the sum of weights based on predetermined clinical status within the diagnosis year [9], participant's income level, the prescription of anti-inflammatory drugs (aspirin, NSAIDs, statin, and COX2-inhibitor), and the diagnosis with prostate, kidney and urothelial cancers during a 10-year follow-up period. We classified the patients into two groups according to the use of anti-inflammatory drugs (non-user vs. drug user). The drug-using group was defined by their prescription of antiinflammatory drugs more than 60% of the time in 2003.
We performed Kaplan-Meier analysis for estimating the risk of prostate, kidney or urothelial cancer development over a 10 period since 2003, according to the exposure of aspirin, NSAIDs, statins, or COX-2 inhibitors. A log-rank test was used to determine the significant differences between the drug-using and non-drug using groups. To adjust various parameters of patients, including age distribution, sex, insurance eligibility status, CCI, participant's income level and whether or not drug usage and drug types, the multivariate Cox proportional hazards model was applied to analyze the effects of each agent on the urological cancer occurrence. Two-sided p-values of less than 0.05 were regarded as statistically significant. The SAS software ver. 9.3 (SAS Institute Inc., Cary, NC) was used for statistical analysis.
Ethical statement
The study was approved by the Institutional Review Board of Seoul National University Hospital (IRB No. E-1608-015-781) and performed in accordance with the principles of the Declaration of Helsinki. The informed consent was waived.
Results
Baseline demographics of the overall population are presented in Table 1 . Among the patients extracted from the NHIS-NSC database of 2003, a total of 9,627 (6.7%), 1,107 (0.4%), and 2,121 (0.7%) patients were diagnosed with PCa, kidney cancer and urothelial cancer, respectively, during a 10-year follow-up period between January 2004 and December 2013. Among four analyzed drugs, aspirin was most commonly prescribed in patients of group 1 (3.9%, n=5,652), group 2 (3.7%, n=11,838), and group 3 (3.7%, n=11,835), respectively. We further classified the overall population into three groups, such as never medication, partial medication (less than 60%), and full medication (more than 60%), and compared the baseline demographics according to the medication types (S1 Table) .
We next examined the effects of aspirin, NSAIDs, statin and COX-2 inhibitor on the risk of urological malignancies by adjusting other clinical variables. Results are summarized in Table 2 . Of note, NSAID was identified as an independent predictor for the increased risk of PCa (hazard ratio [HR], 1.35; 95% confidence interval [CI], 1.14 to 1.58), in addition to older age, poor CCI and higher participant's income level. For kidney cancer, aspirin (HR, 1.28; 95% CI, 1.01 to 1.64) and statin (HR, 1.55; 95% CI, 1.08 to 2.23) remained as the predictive factors for the development of cancer, as well as for older age, male sex, and poor CCI and higher participant's income level. However, no drugs were associated with the risk of urothelial cancer development, whereas older age, male sex, and poor CCI were proved as the significant predictors for cancer occurrence. These results were represented by the Kaplan-Meier analysis for estimating the risk of prostate and kidney cancer according to the type of drugs used. As shown in Fig. 1 , patients who take NSAIDs demonstrated a remarkably higher cumulative incidence rate of PCa development compared to those who did not take NSAIDs. When we classified the overall population into three groups (non-user, partial, and full medication), patients with full medication showed a higher risk of PCa development than other two groups (S2 Fig.) . In addition, Fig. 2 presents those patients who take aspirin or statins, revealing significantly higher cumulative incidence rates of kidney cancer developments compared to their counterparts who were not prescribed aspirin or statins. We also confirmed that patients with full medication of aspirin or statins had a higher risk of kidney cancer development than partial medication and non-user groups (S3 Fig.) .
Among patients diagnosed with prostate, kidney cancer and urothelial cancer, respectively, during a 10-year followup period, the numbers of all-cause and cancer-specific deaths, respectively, are as follows: 1,413 (14.6%) and 164 (1.7%) in prostate cancer; 222 (20.1%) and 81 (7.3%) in kidney cancer; 502 (23.6%) and 154 (7.2%) in urothelial cancer (Table 1) . More importantly, Kaplan-Meier survival analyses revealed that patients with full medication of NSAID showed worse survival outcomes compared to other two medication groups in patients with PCa (S4A Fig.) . However, among Fig. 2 . Kaplan-Meier analysis for estimating the risk of kidney cancer development over 10 years (2003-2013) according to the prescription of aspirin (A) and statin (yes vs. no) (B), respectively. Log-rank tests were used to define the statistical differences between the two groups. Log-rank, p < 0.001 kidney cancer, patients with full medication of aspirin, not statins, had worse overall survival rates than partial medication and non-user groups (S4B and S4C Fig.) . For cancer-specific survivals, there were no differences according to drug types in all cancer types (data not shown).
Discussion
To the best of our knowledge, our study was the first to analyze the NHIS-NSC database of South Korea for determining the effects of aspirin, NSAIDs, statin and COX-2 inhibitor on the risk of developing urological malignancies (prostate, kidney and urothelial cancers). The key finding of the current study was that NSAIDs were associated with increased risk of PCa (HR, 1.35), and aspirin (HR, 1.28) and statin (HR, 1.55), were associated with a higher risk of kidney cancer in the multivariate Cox regression analyses. Conversely, no drugs were identified as the independent predictors for the risk of cancer occurrence in urothelial cancer.
In contrast to our findings, preclinical studies have provided evidence on the inhibitory effects of NSAIDs on PCa development and progression [10] . Mechanistically, NSAIDs inhibited cancer cell growth and induced apoptotic cell death via suppression of AKT signaling pathway and cell cycle (G1) arrest in LNCaP and PC3 cells [11] . However, results of other clinical studies are conflicting and inconsistent with this. A nationwide study by Skriver et al. [12] analyzed 35,600 patients who were diagnosed with PCa between 2000 and 2012, and revealed that the exposure of NSAIDs significantly increased the risk of localized PCa development (HR, 1.13; 95% CI, 1.10 to 11.15). In addition, a Finnish Prostate Cancer Screening Trial examined the risk of PCa occurrence in a total of 78,615 PCa patients, and confirmed that the risk was significantly elevated in the population that was currently receiving NSAIDs (HR, 1.45). This was not seen in those patients with a previous use of NSAIDs [13] . However, a recent meta-analysis included 31 observational studies and revealed that the use of any NSAIDs was not associated with the risk reduction of overall PCa (HR, 0.90; 95% CI, 0.75 to 1.07) and advanced PCa (HR, 0.86; 95% CI, 0.52 to 1.40) incidence [7] . Taken together, further well-designed studies are required to determine the association between the use of NSAIDs and the risk of PCa development.
For kidney cancer, Bosetti et al. [6] performed a metaanalysis with 10 case-control and seven cohort studies, showing no association between the regular use of aspirin and the risk of kidney cancer diagnosis (HR, 1.14; 95% CI, 0.95 to 1.37). Choueiri et al. [14] reported the largest meta-analysis, including 20 studies with 8,420 kidney cancer patients, and found that the use of aspirin was not identified as an independent predictor for kidney cancer development (HR, 1.10; 95% CI, 0.95 to 1.28). However, the exposure of aspirin was associated with a significantly increased risk of kidney cancer development in the reports from non-U.S. countries (HR, 1.17; 95% CI, 1.04 to 1.33), consistent with our findings in the present study. Conversely, there was no association between the use of aspirin and an increased risk of kidney cancer (HR, 1.05; 95% CI, 0.81 to 1.36) in the studies from the U.S. More interestingly, the authors also found that regular or any use of NSAIDs was independently associated with an elevated risk of the kidney cancer development (HR, 1.25; 95% CI, 1.06 to 1.46). Although aspirin proves itself as an effective agent to prevent the development and recurrence of colorectal cancer, it may not be helpful in kidney cancer and can even be harmful [15] . These conflicting results of aspirin use in different types of cancer are due to the differences in tissue-specific mechanisms on cancer prevention or the differences in the underlying mechanisms of carcinogenesis according to the type of malignancies.
Many in vitro and in vivo studies have revealed the anticancer effects of statins to inhibit growth and the progression of cancer cells in various type of malignancies, such as lung, colorectal, prostate and kidney cancers [16] . For example, Fang et al. [17] reported that simvastatin significantly repressed cell growth of human renal cell carcinoma cells (A498 and 786-O) via inhibiting the AKT, mammalian target of rapamycin, ERK, and JAK2/STAT3 signaling pathways. The authors revealed that simvastatin treatment reduced growth, migration and invasion of tumors in renal cell carcinoma xenograft models [17] . Moreover, the Nurses' Health Study and Health Professionals Follow-Up Study with two prospective cohorts provided evidence that the use of statin was significantly associated with a decreased risk of renal cell carcinoma development, particularly in patients without the history of hypertension [18] . However, our results suggested that there is a potential risk of kidney cancer development in statin users. Similarly, a comprehensive metaanalysis reviewing 12 articles showed that the overall and long-term use of statins did not increase the risk of kidney cancer, respectively [19] . A nationwide case-control study in Denmark also demonstrated that long-term prescription of statins did not increase the risk of renal cell carcinoma (HR, 1.06; 95% CI, 0.91 to 1.23) [20] . In this regard, the clinical results need to be further investigated to acquire the more convincing evidence on the chemopreventive effects of statin use in kidney cancer.
Interestingly, other key findings of the current study were that no drugs were associated with the risk of urothelial cancer development. In the pooled analysis including three large prospective trials with 508,842 patients, the regular exposure of NSAIDs significantly reduced bladder cancer risk, partic-VOLUME 50 NUMBER 3 JULY 2018 989 ularly in the population of non-smokers, while the use of aspirin was not associated with the risk of bladder cancer development [21] . Although a few observational studies showed a protective effect of aspirin on bladder cancer development, a meta-analysis for three case-control and six cohort studies also highlighted no association between the regular use of aspirin and the risk of bladder cancer (HR, 0.95; 95% CI, 0.83 to 1.07) [6] . In a population-based case-control study with 325 patients with bladder cancer and 1,300 healthy controls, neither the beneficial nor the harmful impact of statins was confirmed on the risk of bladder cancer development [22] . Additionally, Zhang et al. [23] performed a meta-analysis by studying a total of 13 studies and suggested that a statin prescription did not influence the risk of bladder cancer occurrence in either the overall population or subgroup analysis.
We should discuss the several limitations of the current study. First, despite the large study population, the retrospective nature of the study is the critical drawback, including the susceptibility of selection bias, information bias with insufficient data, frequently missing data on potential confounding factors, and the risk of follow-up loss. Second, only limited clinical information could be retrieved from the national database and adjustments of well-known prognosticators, such as smoking and obesity, were not included in the multivariate analyses. Third, although pathologic features of each urological cancer are also crucial for evaluating oncological outcomes, no information of pathology was acquired from the National Database. Fourth, although the effects of chemoprevention can depend on the overall accumulation of drugs, we could not obtain the detailed information of drug prescription, including dose and duration. Finally, the disagreement between the medical records, such as pathologic report, and the claims code from insurance database can be existed, because the NHIS-NSC database was not established for research purpose but for medical service claims and reimbursement [24] . This has been pointed out as one of the disadvantages of study by using the NHIS-NSC cohort [24] . In this regard, there is a potential risk of selection bias when study population is selected only through the diagnostic code in claims. For example, the right participant can be missing or the wrong participant can be selected. To minimize the risk of this unavoidable bias, we should try to validate the diagnostic accuracy of the claim codes by using not only the diagnosis but also the history of surgery, the medical cost for the cancer code, and prescription of each cancer related drugs.
In conclusion, our results from the Korean NHIS-NSC database revealed that NSAIDs increased the risk of PCa, and the use of aspirin and statin elevated the risk of kidney cancer occurrence, whereas no drugs were associated with urothelial cancer risk. Additionally, the full medication of NSAIDs and aspirin diminished the overall survival, not cancer-specific survival, in patients with prostate and kidney cancer, respectively. We provide the valuable information for the effects of aspirin, NSAID, statin and COX-2 inhibitor on the risk of prostate, kidney and urothelial cancer development and associated survival outcomes in Korea. Therefore, we believe that the present findings should be considered when prescribing anti-inflammatory drugs in individuals aged over 40 years.
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